Twenty-two staphylococcal bacteriophages representing serological groups A, B, F and L were examined for activity after incubation of free phage in 10 yo (w/v) NaCl Trypticase soy broth for 24 hr. at 30". The mean decrease in plaque-forming units for ten phages of serological group A was 13 yo; in no instance was inactivation of any group A phage greater than 33 yo. A11 but one of nine group B phages were 88 % or more inactive after incubation in the 10 yo NaCl broth; the single exception was phage 83 with slightly more than 40% inactivation in both 0.5y0 or 10% NaCl broth. Serological group F phage 42D resembled phages of group A, whereas phage 77 of group F and group L phage 187 were intermediate between group A and B phages with respect to NaCl stability.
INTRODUCTION
The effect of the ionic environment on bacteriophages has been the subject of many investigations. Relatively few of the studies reported, however, have been concerned with the stability of free phages in the presence of high concentrations of salt. Bronfenbrenner (1925) observed that concentrations of NaCl greater than 1 yo inactivated 9 9 % of phage, although the particular phage tested and time required for inactivation were not specified in his report. Adams (1949) examined the inactivating effects of temperature on coli phages, particularly T5, in concentrations of NaCl ranging from 0.01 to 2~. He found that inactivation of phage T5 was almost complete after 1 hr. a t 37" in solutions containing less than 0.2 N-NaCl, whereas a t concentrations of 0 . 4~ and 0 . 8~ there was no significant decrease in plaque count. Increase in sodium ion concentration resulted in increased stability of phages to the inactivating effects of temperature (about 50" to 70"); phage T 5 was equally stable in 2 rY.-NaCI solution and in nutrient broth. In studies on the effect of electrolytes on the adsorption of staphylococcal phages, Rountree (1951) noted that, in the free state, some phages were partially inactivated by 1 yo sodium citrate. Experiments to determine the quantity and kind of electrolytes giving maximum adsorption included 20 min. incubation of free phages, as well as phage + bacteria mixtures, in aqueous solutions which contained a high percentage of NaCl. Some staphylococcal phages were unstable in such simple salt solutions although adsorption occurred in certain instances. Staphylococci used were the phap: propagating strains originally obtained, together with the phages, through the courtesy of Dr J. E. Blair. Preparation qf phage suspeusiom. Corresponding dilutions of each phage, designed to contain from 100 to 300 plaque-forming units/O.l ml., were made in 10 ml. amounts of (1) commercially prt pared (Baltimore Biological Laboratories ; BBL) Trypticase soy broth of 0.5 yo (w/v) NaCI and (2) tlie same broth to which sufficient NaC1 was added to Inake a final concentration of lo./, (w/v). At 10 yo NaCl concentration the pH value of the broth was decreased from 7 . 2 to 6.8.
X o adjustment of pH value was nude since, in previous experiments, variation of pH value within this range l i d no ell'cct on thc lytic activity of ten representative phages tested in media containin*; 0 -5 , 3, 7 -5 and 10 yo (w/v) NaCl.
Plaque counts. Within 5-10 min. after dilution samples (0.3 ml.) of each phage broth were withdrawn and dispensed in 0.1 ml. amounts to each of three 13 x 100 mni. tubes wliicli contained 0*1 ml. of a 6-lir., 37", Trypticase soy broth culture of the appropriate s taphylococciis. Immediately thereafter 3 ml. melted cooled soft nutrient agar (Trypticase soy broth +0.6 yo, w/v, agar) was added to each tube; the contents were mixed a i d layered over tlic surface of rcgular Trypticase soy agar (UBI,) in a standard Pt tri plate. When the soft agar layer was firm, the plates were irivcrtcd and incubatcd a t 30". All plaque counts except those of phages 71 and '79 were made after 24 h-1~. incubation. Plaques of phages 71 and '79 were counted after 18 lir. because fu sther incubation resulted in overgrowth by the staphylococci. After withdrawal of the initial (0) sample, each phage-broth was incubated a t 30". ,4t tlic crid of L44 lir. incubation, plaquc counts of both tlie 0.5 yo arid 10 o/o Nd'l broth suspcnsior~s were made according to the method used for determining the initial counts. [n a series of similar experiments plaque counts were made a t intervals throughout tlie 24 lir. period.
RESULTS
The results of plaque counts 1 efore and after 24 hr. incubation a t 30" in 0.5 1;
and 10 (yo NaCl broth indicated t l a t phages of serological group A were more stable in the prcsence of 10 yo NaCl th:n were the group B phages. Of the ten TOU UP A IP: 54.70.40.11
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Salt tolerance of staphylococcal phages 369 phages studied only phage 47C showed as much as 33 yo decrease in plaque-forming units, whereas the others of this group retained 7 2 yo or more of their activity after exposure to the higher concentration of NaCl (Fig. 1) . The mean survival of the ten group A phages, after 24 hr. in 10 yo NaCl broth, was 87 yo. Conversely, eight of the nine group B phages tested showed SSyO or more inactivation under the same conditions (Fig. 2) . The one exception, phage 83, though less sensitive to NaCl than the rest of the group B phages, was inactivated to about the same degree in 0.5 yo NaCl broth as in 10 yo NaCl broth, 41 and 44 yo decrease, respectively.
(Results with phage 83 do not appear in Fig. 2 because its serological group became known to us, through personal communication from Miss Miriam Carr, after completion of the figure. ) The NaCl sensitivity of the group B phages was also shown by a decrease in the number of plaque-forming units within 5-10 min. after initial contact of most of these phages with 10 yo NaCl broth. Such an immediate effect was not produced by exposure of group A phages to the same 10% NaCl broth. Results with group F phages (42D and 77) and group L phage 187 indicated that they were more NaCl tolerant than the group B phages, but only phage 42D resembled a typical group A phage in this respect (Fig. 2) .
Comparison of the mean percentage decrease in plaque counts after holding the group A and group B phages in 0.5 yo NaCl broth and in 10 yo NaCll broth for 24 hr.
is presented in Table 1 ; the extremes in variation of the stability of individual phages within each group are also shown. It will be noted that survival of active group A phages in 0 -5 y 0 NaCl broth and in 10% NaCl broth are remarkably similar. 
DISCUSSION
I n addition to distinctive antigenicity, serological groups of staphylococcal phages are characterized by other properties including host range, plaque size, ability to form lysogenic systems and stability (Rippon, 1956 ). Rountree (1949) pointed out the relative instability of serological group B phages, particularly their marked sensitivity to heat and storage at 4", as compared with that of the group A and F phages. In the first serological investigation of staphylococcal phages Burnet & Lush (1935) observed that these phages could be divided into two categories, citrate-sensitive and citrate-insensitive. Rountree (1951) reported that most staphylococcal phages, when in the free state, were inactivated to some degree by 1 yo (w/v) Na citrate and those most completely inactivated belonged to serological group B. In the same study, which was concerned chiefly with the effect of electrolytes on adsorption, evidence was presented that each phage had a characteristic calcium requirement. I n all but two of the phages examined Na citrate inhibited phage adsorption and this effect was attributed to the action of the citrate radical which, it was suggested, bound the calcium on the surface of the phage and thus blocked the adsorption site. The absolute calcium requirement for propagation of serological group B phages was reported by Blair & Williams (1961) ; phage 47C (group A) and phage 187 (group L) were the only other staphylococcal phages in this category.
In the present work the staphylococcal phages which were least stable when incubated without staphylococci in 10% NaCl Trypticase soy broth were also those of serological group B. The marked diminution in activity of these phages might be due to the effect of the NaCl on free phage before contact with the staphylococci or to the failure of adsorption because of the NaCl introduced with phage to the phage + bacteria mixture. If inhibition of adsorption as proposed by the latter explanation were solely responsible, equal diminutions in plaque counts should occur in the initial (0) sample and the 24 hr. sample which were both taken from 10 yo NaCl broth. Mixing of 0.1 1311. of this broth with an equal amount of the broth culture of the propagating strain of staphylococcus, followed by immediate addition of 3 ml. soft agar, quickly diluted the concentration of NaCl to about 0.8 yo. The quantity of NaCl was further decreased on plating the soft agar. Rountree (1951) found that with the citrate-sensitive phages adsorption in NaCl was variable and, when it occurred, recovery of active phage from the bacteria infected in NaCl was less than from bacteria infected in CaC1,. These conclusions were based on experiments in which phages and bacteria were held 20 min. in aqueous solutions of NaCl at lower concentrations than those in the phage +bacteria mixtures tested here.
In our experience the most unstable phages of group B lyse susceptible staphylococci when 1 % NaCl Trypticase soy agar is used in the routine typing procedure.
If inactivation of free phage occurs in the NaCl broth before mixing with the staphylococci, one would expect a continuing decrease in the number of plaqueforming units with increase in time. This was observed to occur. In the case of the group B phages there was an immediate decrease, followed by progressive decrease in plaque count until, a t the end of 24 hr., 12 yo or less of the original activity remained. Group A phages showed little, if any decrease in activity on initial contact with 10 yo NaCl broth; when the activity was decreased after 24 hr. plaque counts made at 4-8 hr. intervals became successively lower. The inactivation of staphylococcal phages observed here appears to be an effect of NaCl on free phage.
The NaCl instability of serological group B staphylococcal phages observed in this work parallels their requirement for calcium. Two phages other than those of serological group B, which have an absolute calcium requirement are 47C (group A) and 187 (group L) (Blair & Williams, 1961) . Phage 47C proved to be the most NaCl sensitive of the group A phages tested, but it was much more NaCl stable than any group B phage. The salt tolerance of phage 187 and of the exceptional group B phage 83 was intermediate between that of the average group A and group B phages, but they were almost as unstable in 0.5 % NaCl broth as in 10 % NaCl broth. In general, inactivation in the higher concentration of NaCl was independent of stability in regular broth. Most phages retained their activity in 0.5 % NaCl broth, although there were individual differences within each group.
No phage was more stable in 10 yo than in 0.5 yo NaCl broth. NaCl tolerance appears to be a characteristic of certain staphylococcal phages, particularly those of serological group A, and this property may be useful in presumptive identification of serological group or in other classification schemes.
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